Background: To evaluate and compare the effectiveness of the combined regimen (consisting of condoms and emergency contraception pills (ECP)) and using condoms only for the purpose of preventing pregnancy. Methods: One-thousand-five-hundred-and-sixty-two (1,562) couples as volunteers enrolled at nine centers in Shanghai. Eight-hundred-and-twelve (812) were randomized to use male condoms and ECP (i.e., Levonorgestrel) as a back-up to condoms (the intervention group) and 750 to use male condoms only(the control group), according to their working unit. Participants were visited at admission and at the end of 1, 3, 6, 9, and 12 months. The cumulative life table rates were calculated for pregnancy and other reasons for discontinuation.
Background
A large number of studies have found that the consistent and correct use of condoms is by far the most important factor in preventing both pregnancy [1] [2] [3] [4] [5] [6] [7] [8] and sexually transmitted disease (STD) [9, 10] , including HIV [11] . However, a limited but growing body of research literature indicated that most of these studies were conducted from a disease-prevention perspective, neglecting the fact that condoms were originally created as a method to prevent unwanted pregnancy [12] .
To our knowledge, few relevant randomized and controlled clinical trials were conducted to test the efficacy of latex condom in China. In Shanghai, more than 20% of married women at reproductive age relied on male latex condoms to protect against unintended pregnancy and STDs in 2008 [13] . And recently, more and more women at reproductive age choose latex condoms as a contraception method. This rate rose to 31.04% in 2012 [14] . Since this is the major contraceptive method for married women in Shanghai, the contraceptive efficacy of latex condom needs to be further tested.
Considering ethical issues, it is hard to carry out clinical trials in which volunteers do not use condoms. Therefore, we created a contrast between the control group with male condoms only and the intervention group with a combined contraceptive method consisting of condoms and emergency contraceptive pills (ECPs). ECPs are certainly not 100% effective, but when taken within 72 hours of unprotected sex, timely emergency contraception may reduce women's risk of unintended pregnancy by 89-95% [15] . Moreover, there is no known harm to the woman, the course of her pregnancy, or the fetus if ECPs are accidentally used [16, 17] .
Therefore, a follow-up study to this study was designed to evaluate and contrast the effectiveness of the combined regimen with the method using condoms only in preventing pregnancy.
Methods

Subjects and procedure
The study began in October 2003 and was completed in December 2007. One-thousand-five-hundred-and-sixtytwo (1, 562) couple-volunteers were enrolled at nine centers in Shanghai. Eight-hundred-and-twelve (812) were enrolled to the intervention group (use male condoms and ECP (i.e., Levonorgestrel) as a back-up to condoms) and seven-hundred-and-fifty (750) with the control group (male condoms only), according to their working unit. Women were eligible for this study if younger than 35 years (exclusive), in good health, with regular menstrual periods, sexually active in an ongoing relationship, at risk for pregnancy, with the last menstrual period on the expected date, willing to use the combined regimen/ condoms as contraception for 13 months, willing to keep a daily diary recording menstrual pattern and detailed information regarding each sexual intercourse (SI) encounter, specifically using condoms/ECP in acts of SI, and willing to return the daily diary to the clinic on a monthly basis and to return to the clinic for a short interview at 1, 3, 6, 9, and 12 months following enrollment. All participants were informed of the study's content.
The baseline information of the two groups was collected under permission. The routine follow-up visits were scheduled at the ends of the 1 st , 3 rd , 6 th , 9 th , and 12 th months after admission. Subjects were instructed to return to the clinic at any time for any problem that might be related to the use of the study condoms, the ECP, or participation in the study in general. At each scheduled visit, diary cards were reviewed for completeness of information on menses, acts of intercourse (subjects should accurately record the time of every situation of SI), condom use and, if applicable, ECP use. During the follow-up visits, subjects were interviewed using a brief questionnaire. A sufficient supply of condoms and emergency contraception was provided to the participants in the intervention group, and subjects in the control group were provided sufficient condoms. Both condoms and ECP were free of charge during the study period.
Study materials
The condoms used in the study were World Health Organization (WHO)-approved standard thin, yellow, silicone lubricated latex condoms. The condoms were produced by SEDHUNG IND. CO., LTD., KOREA. The width and single-wall thickness were 53.0 ± 1.0 mm and 0.07 ± 0.01 mm, respectively. In addition to condoms, couples allocated to the condoms plus emergency contraception group used an ECP (i.e., Levonorgestrel) as a back-up to condoms. Women allocated to the condom/ECP combined regimen group were provided with Levonorgestrel to use in the event of breakage, leakage, slippage, or other failures, which was white pill and produced by Germany. The dose of 0.75 mg Levonorgestrel in the study was taken within 48-72 hours of unprotected coitus, and the same dose was repeated 12 hours later. Training and education material providing information on the correct use of condoms and the emergency contraception regimen was prepared and used by the participating clinics during the course of the study.
Discontinuation from the study
Subjects could discontinue participation in the study at any time for any personal or medical reason, such as moving away from the study area, asked by husbands, breakage of condom, menstrual problems, plan for pregnancy, side effects, or loss for follow-up. The reasons for discontinuation and side effects were recorded.
Study outcome measures
Pregnancy was the primary outcome index; it was diagnosed using highly sensitive urine tests and was confirmed by physical examination and the use of a B-ultrasonic machine in the hospital. Other outcomes, such as condom breakage, slippage, bleeding, and so on were recorded by the subjects. The occurrence of adverse experiences and reasons for subjects' discontinuation were monitored throughout the study.
Statistical analysis
Data on all the records were entered twice by different professionals using EpiData 3.1 to enable a comparison between the data and the correction of data entry mistakes. Data cleaning included consistency verification for all variables. Data analyses were carried out via the SAS 9.1.3 package (SAS Institute). Analyses were conducted for each outcome of interest. Analyses focused on the differences between two groups. Descriptive statistics included mean, frequencies, and proportions. Chi-square analysis was used to analyze the distribution of subjects' characteristics. The log-rank test was used to analyze the cumulative condom use rate and cumulative termination rate between two groups. The gross cumulative life table rates were calculated for pregnancy and other reasons of discontinuation. In addition, in this study, P < 0.05 was considered statistically significant.
Results
Baseline characteristics
Of the 824 women enrolled, 812 were eligible for admission into the intervention group, and 749 subjects were interviewed five times. Of the 754 women enrolled in the control group, 750 were eligible and 699 were interviewed five times. The study was conducted in nine urban districts of Shanghai. Of the 812 subjects in the intervention group, there were 749 subjects who finished the whole study. The follow-up rate was 92.24% in the intervention group. Of the 750 subjects in the control group, there were 699 subjects who finished the study. The follow-up rate in the control group was 93.20%. There were no statistically significant differences between follow-up rates of two groups (p > 0.05).
The mean ages of the subjects in both groups were near 30 years old. The mean marriage length was 5.4 years in the intervention group and 5.5 years in the control group. The mean age of subjects and husbands, education distribution of subjects and husbands, and husbands' occupation distribution in the intervention group and control group were not significantly different. As showed in Table 1 , there was a majority (58.3% and 61.3%, respectively) of subjects in the intervention group and the control group with a high school education. Most of the subjects' husbands (49.4% of the intervention group and 53.0% of the control group) had a high school educational level. The distribution of the subjects' occupations between the two groups was slightly different. 41.5% of the subjects were workers in both groups. 39.2% and 42.0% of husbands in the intervention group and the control group, respectively, were workers. As for housing conditions, the distribution of family member number in the intervention group and the control group was not significantly different. Regarding bedroom conditions, 62.1% of the subjects in the intervention group and 52.5% of those in the control group had their own living room. There were 36.7% and 44.7% subjects in the intervention group and the control group, respectively, living with their children in the same bedroom; there were 1.2% and 2.8% subjects in the intervention group and the control group, respectively, sharing a living room with others. The distribution difference of bedroom conditions between the two groups was statistically significant (p = 0.001).
Before the study, there were 92% and 88.5% of the subjects in the intervention group and the control group, respectively, who didn't know how to use condoms correctly. After they were enrolled into the study, the staff provided guidance on condom use and made sure that every subject could use condoms correctly.
Discontinuation
Among all discontinuations, only 4.76% (3/63) of the subjects in the intervention group and 5.88% (3/51) of the subjects in the control group who withdrew from the study because of reasons related to the condoms (allergic reaction and condom breakage), while a large part, 38.1% (n = 24/63) of the intervention group and 31.4% (n = 16/51) of the subjects in the control group, withdrew voluntarily from the study because of personal reasons. In addition, 27.0% (n = 17/63) and 17.6% (n = 9/51) of the discontinuations in the intervention group and the control group, respectively, were attributed to subjects' pregnancies. Furthermore, among all pregnancies, 19 .23% (n = 5/26) were because of condom breakage, 11.11% (n = 3/26) were due to forgetting to use a condom, 50% (13/26) were because of incorrect condom use, and 19.23% (n = 5/26) were due to the spouses' dislike of condom use and other reasons. No subjects withdrew from the study because of condom slippage or bleeding. Table 2 shows the cumulative condom use rate and cumulative termination rate in both groups. The gross cumulative life table rates showed that the cumulative discontinuation rates for all reasons during the year of follow-up in the intervention group and the control group were 7.76 ± 0.94 and 6.61 ± 0.91, respectively, per 100 women. The log-rank test showed that there were no statistically significant differences between the discontinuation rates of the two groups (χ2 = 0.41, p = 0.5227).
Frequency of intercourse and condoms use
The frequency of intercourse between the intervention group and the condom only group was 60.7 ± 17.9 and 58.5 ± 18.7, respectively, per year. There was statistical significance between the two groups, and the frequency of the intervention group was higher than the condom only group (t = 2.3, p = 0.023). The frequency of condom use throughout intercourse between the intervention group and the condom only group was 58.1 ± 18.5 and 56.4 ± 19.7, respectively, per year. There was no statistical significance between the two groups ( Table 3) .
Pregnancy rate
The gross cumulative life table rates were calculated for pregnancy and other reasons for discontinuation. Table 4 shows the gross pregnancy rates of the two groups. The cumulative gross pregnancy rates in the intervention group and the control group were 2.17 ± 0.52 and 1.25 ± 0.41, respectively, per 100 women. The log-rank test for the events of pregnancy in the intervention group and the control group showed that there were no statistically significant differences in follow-up between the two groups (χ2 = 1.93, p = 0.1645).
Pearl Index between the two groups
The Pearl index is the ratio of the number of pregnancies observed from the study divided by the total number of person year of all study participants observed. The total person months in the intervention group were 9268.5 and 8639.5 in the control group. The Pearl Index in the intervention group was 2.21% (17/9268.5*12) and 1.26% (9/8639.5*12) in the control group (Table 5) .
Multiple Cox regression
All factors (including the subjects and their husbands' ages, occupations, menstruation status, intercourse frequency, contraception regimen and use of condoms experience) that may impact the pregnancy occurring were included in the multiple Cox regression analysis. After controlling for potential confounding variables, the multiple Cox regression of pregnancy showed that discontinuation because of pregnancy was associated with the variables of husband age, the subjects' occupations, and the number of contraceptive methods used before the study. Women whose husbands were 30~34 and ≥35 years old had a lower risk of pregnancy (RR = 0.812 and RR = 0.765) compared with those subjects whose 
husbands were under 30 years old. Compared with subjects who were medical staff, workers, self-employed staff, and shop employees might have higher risk of pregnancy, while teachers and technician and officials had no significant difference of risk in the model. The more contraceptive methods used by subjects before the study, the higher risk of pregnancy the subjects might have ( Table 6 ).
Discussion
Male condoms in various forms have been used for centuries [18] . Latex male condoms have been massproduced since the mid-1800s [19] , and since the 1930s, latex condoms have been available to prevent both pregnancy and sexually transmitted disease [20] . Up till now, condoms are one of most popular contraceptive methods and are widely used in many nations for contraception. This randomized and controlled study had several strengths in the efficacy evaluation between two groups. It provides considerable evidence that male condom use remains a highly effective contraceptive method for a period of one year if consistently and correctly used. In this study, over the course of the whole year, the cumulative gross pregnancy rates in the intervention group and the condom only group were, respectively, 2.17% and 1.25%. The Pearl Index intervention group and condom only group were, respectively, 2.21% and 1.26%.The results of our study indicated a low pregnancy rate (2.17% and 1.25%, respectively). However, when we reviewed much of the literature, we found that the reported pregnancy rates for condom users involve a broader range. Some studies showed that the clinical failure rate of male latex condoms rarely exceeded 2% [21] [22] [23] . But other studies found that the pregnancy risk with condoms is high (18.4% in Thailand, 29.5% in Uganda, and 23.3% in Zimbabwe) [3] . After reviewing and discussing the relevant literature, we found the lower pregnancy rates (2.17% and 1.25%, respectively) of our study are primarily due to the study design. Those studies with high pregnancy rates were always inferred from cross-sectional survey studies. But in the randomized and controlled studies in which latex Table 4 The gross rate of pregnancy between the two groups 
condoms were usually used as the control methods compared with other methods, the pregnancy rate is at a low level, just like in our study. In a relevant study, the pregnancy rate of the six-cycle consistent-use of latex condoms was 1.0% [5] . Another completed randomized controlled trial of condom use reported that the pregnancy rate was 1.2 per 100 women using latex condoms in six-months of consistent use (subjects used condoms in every instance of sexual intercourse) [24] . The similarity between those trials and our study represents a 'correct' use of condoms, including consistent and correct condom use. Some studies [25, 26] indicated that the participants should be educated in correct condom use, but others indicated that education is not related with correct condom use and that the benefits of written instructions are limited and do not fully teach correct condom use [27] . Our study suggested that providing one-on-one training and counseling to subjects about condom use might be crucial to encouraging the consistent and correct use of condoms. Before the study, we asked the subjects: "Do you know how to use condoms correctly?" If the answer was "no," we explained and gave detailed training on the usage of condoms after interviewing. If the answer was "yes" or "not sure," we let the subject describe how to use a condom and checked points according to the subject's description by drawing a "√" at the mentioned point (the point included: a. a condom should be used for every instance of sexual intercourse; b. check if condom is broken before using it; c. exhaust the air from the top bubble; d. hold the base of the condom while drawing the penis out of the vagina; e. if breakage, leakage, or slippage occurs, an emergency method should be used). But the results make us regret that there were 92% and 88.5%, respectively, among our subjects who didn't know how to use condoms completely correctly. Other studies also obtained a similar result. In a study conducted in Africa [28] , taking all criteria together, only 11% of participants performed a correct condom use demonstration. It is obvious that subjects need more information and guidance about how to correctly and consistently use condoms and how to manage breakage, slippage and other relative problems. During the project, therefore, we conducted much training to teach subjects (the couples together) correct condom use and also emphasized the importance of consistent use. After the training, we conducted a small test to test whether they could answer the questions right or not, meanwhile, we provided condoms and penis moulds to subjects so they could demonstrate the process of condom use until they could do it correctly. Finally, we found that the one-on-one training and counseling was truly helpful to the subjects. The lower pregnancy rates (2.17% and 1.25%, respectively) of our study may support the idea.
At the beginning of the study, we assumed that the combined contraceptive regimen consisting of condoms and emergency contraception pills would be helpful to improve the contraceptive effect. However, the log-rank test results show that there wasn't significant difference between the intervention group and the condom only group in preventing pregnancy in our study, and the Cox regression also illustrated that the contraception regimen show no effect on pregnancy rate. This may result from the situation that pregnancies reported with condom use are almost always due to inconsistent and incorrect use and not to defective condoms [29] and that failure of the condom itself is rare (the reported breakage or slippage rate of condoms is 7.9%) [30] . In our study, there were 4.76% and 5.88% respectively subjects who discontinued participation in the study because of condom reasons, such as condom breakage or discomfort. Among the 26 pregnancies (17 in the intervention group and nine in the control group), only five pregnancies were due to condom-related reasons. As has been shown from this and the other relevant studies mentioned above, once a person starts using condoms regularly, correctly, and consistently, condoms may play a more significant role in pregnancy prevention and in reducing the pregnancy rate to a very low level. So it is not strange that a significant difference between the two groups was not found in this study.
In this study, we carried out a follow-up study to collect detailed information on the subjects and adopted cumulative life table rates to calculate pregnancy occurrence and other variables. The result of this study is expected to provide useful information on the contraceptive effectiveness of condoms and the combined regimen consisting of condoms and ECPs. In this population, it seemed that the combined contraceptive regimen did not improve contraceptive effectiveness. However, this study also found that the rates of non-use of condoms and incorrect use of condoms among our subjects were relatively low because of one-on-one training and counseling. Thus, we don't know whether the combined contraceptive regimen can improve contraceptive effectiveness among a population who has a high rate of non-condom use and/or incorrect use of condoms. Therefore, further studies need to be conducted in different populations and with different methods.
Conclusion
This study provides considerable evidence that male condom use remains a highly effective contraceptive method for a period of one year if consistently and correctly used. Providing training and counseling to subjects about condom use might be crucial to encouraging the consistent and correct use of condoms. Subjects need more information and guidance about how to correctly and consistently use condoms, which contributes to increasing the contraception efficacy of condoms.
